The implicit and explicit biases built into our computing systems [1] are becoming increasingly clear -they impact everything from targeting of advertisements [2] to how we are identified as people [3] . These biases disproportionately affect marginalized groups -people who are excluded from mainstream social, economic, cultural, or political life [4] -more acutely. While these biases can affect all aspects of our lives, from leisure [5] to criminal justice [6] to personal finances [7] , they are all the more critical in the context of health and healthcare due to their significant personal and societal implications. In this interdisciplinary workshop, we explored how to design and build health systems for diverse populations through the following disciplinary lenses.
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Overview
The implicit and explicit biases built into our computing systems [1] are becoming increasingly clear -they impact everything from targeting of advertisements [2] to how we are identified as people [3] . These biases disproportionately affect marginalized groups -people who are excluded from mainstream social, economic, cultural, or political life [4] -more acutely. While these biases can affect all aspects of our lives, from leisure [5] to criminal justice [6] to personal finances [7] , they are all the more critical in the context of health and healthcare due to their significant personal and societal implications. In this interdisciplinary workshop, we explored how to design and build health systems for diverse populations through the following disciplinary lenses.
Human computer interaction (HCI) researchers address the growing need to empower lay populations to manage their health by designing, developing, and deploying novel sociotechnical interventions [8, 9] . As research in interactive systems in healthcare has matured, computing and health informatics researchers have increasingly drawn upon social and behavioral science theories [10] to design, develop, and analyze sociotechnical systems.
Health informatics researchers focus on basic research concerning patient information needs [11] and healthcare-oriented topics such as implementation of technologies in healthcare contexts, technical standards, health policy, impacts on healthcare quality, and access to, and uptake of, technologies [12] . Researchers also concentrate on the development of analytical techniques and algorithms focused on applied clinical problems such as illness diagnosis and prognosis.
Behavioral medicine researchers explore psychosocial mechanisms underlying health behavior -from determinants of behavior to how behavior is changed. Additionally, behavioral medicine research has a longstanding research focus on health disparities.
At the same time, behavioral medicine researchers have traditionally developed health behavior theories and models through participant self-report or by utilizing commodity systems to evaluate the theory at scale.
Health disparity researchers investigate the prevalence and underlying correlates of health disparities, typically using observational study methods originating in epidemiology, such as cohort and case-control designs. Additionally, clinical epidemiologists contribute methods in the areas of research synthesis, with a recent focus on equity-focused systematic reviews that can inform intervention design [13] [14] [15] .
Critically, reduction of health disparities (see box 1) through socio-technical interventions requires the knowledge and methods of each of these fields. Because health disparities are rooted in a variety of social, behavioral, economic, and healthcare-based factors, there is a need for researchers to consider the insights and research methods offered by each of these fields when designing and deploying interventions [16] . Furthermore, designing interventions that will be engaging to, and usable by, health disparity populations is a prerequisite for intervention impact -critical insights about which can be provided from different perspectives in each of these fields. Moreover, because interventions that could work well for health disparity populations may not be available to or readily adopted by them, there is a need to consider policy and implementation issues such as integration with healthcare systems and workflows, technology platforms, and incentives [16, 17] -challenges which researchers from these four fields are best positioned to tackle. There is also a need to incorporate understanding of the mechanisms driving different health disparities into design, implementation, and evaluation. Assessing the equity impact of interventions [18] in the context of specific studies, or across studies, is also critical. The four themes were explored through two short multidisciplinary panels and coordinated discussions followed by summarizing presentations to ensure that researchers from different disciplines had the opportunity to listen, learn, and share with each other. The researchers identified major research challenges and opportunities within each theme, specifically the need to:
◗ Develop and evaluate equity-centered intervention strategies and implementation approaches. Prevailing intervention strategies, which often focus on individual patient effort, behavior and choice may be less effective for marginalized populations -supporting a greater focus on upstream and multi-level interventions.
Furthermore, existing approaches for implementing systems (e.g., promoting uptake and ongoing usage) tend to favor advantaged groups. There is a need for new approaches that can ensure equitable outcomes, as well as uptake and usage, of effective interventions.
◗ Enhance participatory methods for designing, studying, and evaluating technology. To ensure that we effectively address real problems, marginalized groups should be involved in choosing intervention priorities and designing and evaluating interventions.
While researchers currently use participatory methods, there is a need to evaluate and improve these methods.
Critically, there is a need to develop and support mechanisms for building capacity for marginalized communities to meaningfully participate in health research on socio-technical systems.
◗ Build dynamic and multilevel theories for designing interventions. Existing sociobehavioral theories typically Health disparities are differences in disease prevalance, incidence, morbidity and/or mortality in one group as compared to the general population. In Western countries, groups which experience disparities in health outcomes include: ◗ Evaluate systems via multiple dimensions to reduce health disparities at the population level. It is important for any sociotechnical intervention to be evaluated in relation to its impacts on health equity. Interventions should also be assessed at multiple levels where applicable (micro, meso, macro). Researchers should ask themselves equity-related questions (see Box 2 on page 18) in relation to any intervention studies and plan studies in which differential uptake, engagement and outcomes can be assessed. It is also important for researchers to examine potential unintended consequencesparticularly through qualitative research. There is also a need for research and tools to assist researchers in evaluating the ethical implications of studies that gather data from marginalized participants, especially those that use third-party platforms and that capture social and community contexts. 
Developing Equity-centered Intervention Strategies and Implementation Approaches
For sociotechnical interventions to reduce health disparities, it is critical that intervention strategiesactivities or features that aim to improve some predetermined health-related outcome -are grounded in an understanding of health disparities and the ways in which inequity can emerge at all stages of the intervention cycle, from access to effectiveness. This means that
interventionists must understand what populations experience disparities for a given health outcome, the antecedents of those disparities, and potential theoretical pathways by which those disparities can be reduced.
Workshop participants specifically advocated for the further development of "upstream interventions," described in section 2.1, to achieve this. In addition, interventions can only have an effect if they are adopted and used; or, in a research context, that participants are recruited and then remain in a study. Because marginalized groups are less likely to do these things, there is a need for equitycentered implementation approaches focused on adoption/ recruitment and usage/retention.
Upstream Interventions
The extension of the World Health Organization's model on health disparities, shown in Figure 1 , newly incorporates technology, meso-level factors found in other models, and disparities on the basis of LGBT identity, disability, and place of residence. As the left side of the model shows, the ultimate sources of health disparities can be found in macro-level factors associated with the sociopolitical and economic context. The model depicts four mechanisms of action by which social factors produce health disparities:
(1) social stratification/marginalization (e.g., economic resources, power, prestige, residential and educational segregation, stigmatization and discrimination); (2) differences in exposures (e.g., environmental hazards, bullying); (3) differences in vulnerability; and (4) LGBT people [20, 21] , whereas residential segregation is a fundamental cause of health disparities among African Americans [22, 23] . Accordingly, different intervention foci and strategies may be needed to influence social hierarchies depending on the group that is targeted in an intervention.
Workshop participants discussed the key capabilities of technology which can facilitate upstream interventions. When discussing recruitment and uptake challenges, workshop participants repeatedly mentioned the role of trust in study participation and technology use. Indeed, a large body of research has shown that mistrust is partly due to previous mistreatment by medical researchers [26] and experiences of racism in health care [27] . Lower trust in technology may also play a role in the uptake of sociotechnical interventions, as trust is an antecedent to technology adoption and use [28] [29] [30] .
Community-based participatory research (CBPR), an approach emerging from the public health field, has been successfully applied in many observational and interventional studies, including those using sociotechnical interventions [31] . Participants felt that there were opportunities to learn from marketing researchers regarding strategies for selling products and community organizations that conduct outreach.
Equity-Centered Engagement/ Adherence and Study Retention
Workshop attendees discussed difficulties with both differential engagement/adherence with socio-technical interventions and study retention, which was defined as a research subject continuing in the study until the last data collection point. Workshop participants also noted that, in field studies of sociotechnical interventions, it may be the case that subjects engage with and adhere to an intervention while still dropping out of a study.
Workshop attendees identified challenges in defining
active engagement with sociotechnical interventions since the term "engagement" is not well defined. Some researchers defined engagement as usage, and others as more of a subjective experience. Subjective engagement has been linked to ongoing use of sociotechnical interventions in health [32] . Despite this conceptual distinction, much research has focused on engagement operationalized as intervention usage levels.
When operationalized as usage, a number of engagementfocused studies have shown that people with less formal education (an indicator of SES) use sociotechnical interventions less than those with more education, regardless of the intervention's level of structure [33] [34] [35] [36] [37] [38] [39] [40] . Similarly, study retention, focused on completion of all points of data collection, is characterized by lower completion among those with less formal education. At the same time, published papers typically do not report on dropout rates and the demographics of non-users, less-engaged users, and study dropouts.
Workshop participants highlighted the importance of using technology design strategies for sociotechnical interventions that can assist in reaching those who most need them. Participants' successful experiences supported a process involving needs assessment, participatory technology design, and community partnerships. These partnerships were most successful when faithful to the principles of CBPR, including equity between academic and community partners. As
Cortés found in urban communities [41] , such models may also align with the expectations of marginalized groups for research involvement. Community involvement in developing strategies for promoting intervention engagement was also believed valuable.
When planning evaluation studies, participants advocated an experimental design that includes a specific protocol for engagement and retention. They also recommended closely monitoring system engagement and intervening quickly to re-engage participants if necessary. It was also thought helpful to predict when disengagement might happen, and proactively use strategies for re-engagement.
Given the aforementioned challenges, workshop participants saw a need for research specifically to develop and test existing and emerging methods of engagement and retention for marginalized groups. it is unclear how long that change will be sustained. We use the term "black box" to highlight these ambiguities.
Sociotechnical Black Boxes
Although improved health outcomes as a result of a sociotechnical intervention are exciting, they are not enough -we must also understand the mechanisms behind the change and potential "side effects" so that we can reproduce the changes and continue improving on them. We outline the topics discussed by 
Participatory Methods for Study and Technology Design
Understanding Data Quality in Existing Systems
In order to identify how sociotechnical black boxes work, researchers must consider the quality of the data generated in a socio-technical system. Workshop participants approached data quality from two viewpoints -methodology and provenance. Methodology refers to a study's design and how it can impact data quality generated from participants, instruments, systems, and study components. Provenance refers to the quality of data streams that people, technology, and inferences (e.g., machine learning) generate.
Computing researchers often investigate novel interactions, technologies, and infrastructures by conducting pilot studies [46] -which are not always recognized by health-oriented fields because of their small size, short duration, or lack of statistical power. In addition, although there are computing researchers investigating how to assist marginalized groups in improving their health, most studies are fairly short and difficult to compare [9] . Researchers, however, stressed the importance of pilot studies and their important role in helping to ensure that starting conditions for interventions are correct.
This view is not unique to computing; indeed, public health researchers have advocated for treating pilot studies as an integral part of the scientific process [47] . In addition, computing and behavioral medicine researchers have encouraged their communities to better report on data and contributions to identify causal effects of behavior change [48] . When conducting larger studies, particularly to assess health outcomes, a challenge is the difficulty researchers encounter when recruiting and retaining marginalized participants; thus smaller study samples may remain common. Two promising ways to strengthen conclusions with smaller samples and thereby overcome the research-to-practice gap include adopting models that iteratively design sociotechnical systems that are eventually sustainable without researchers [49] and modularizing sociotechnical systems into the bare components to identify their effectiveness -even on smaller sample sizes (e.g., agile science [50] ).
During study analysis, researchers are strongly encouraged to consider the provenance of the data streams that people, technology, and inferences generate. There is also a need to improve our ability to account for the impact of complex social relationships on data collection and use in some groups (e.g., parent-child; patient-provider) and for the impact of user characteristics (e.g., age, health literacy) and environments (e.g., rural vs. urban areas) on data quality [51, 52] .
When workshop participants discussed all of the ways in which researchers can collect data -from instruments to data streams -participants raised questions about how much data to collect in a given study. This is important in relation to both user burden and future-proofing the set of measures in the event of novel research questions which may emerge over time. In general, lower user burden is associated with more successful data collection -a phenomenon which may be amplified with marginalized groups, such as people with low SES [51] .
This concern would tend to favor collection of less data.
Indeed, for a given goal or set of questions, a small set of measurements, taken infrequently and with a focus on trends or absolute accuracy, may be all that is required.
However 
Designing Dosing Schemes
We must consider the ideal or actual "dosage" of ◗ Understanding how often a dose of a sociotechnical system should be given (e.g., daily, as needed, in a structured program of a pre-specified length) and what mechanism to use for to administer a "dose" -which will change depending on one's context and experiences.
◗ Evaluating and reporting on the burden-engagement trade-off of different dosage schemes and of different parts of sociotechnical systems (e.g., participant burden using the system remotely or in-person; research burden managing the data streams). 
Sociotechnical Systems to Inform Theory
One of the biggest challenges of developing sociotechnical health interventions is that although there are many sociobehavioral theories available [53] , they are often dated because they do not account for new types of sociotechnical systems [10, 50] should also cite the origin of the theory and how, if at all, the target populations of the sociotechnical intervention differ from the population in which the theory was developed.
Building Better Theories: New Opportunities
Traditionally, use of theory has been one-way -an To facilitate theory development, participants identified a need for new methodologies that can learn both new "hypotheses" and construct new theories or extend current theories using data, and adapt as more data and data types emerge. Moreover, these theories need to be specifically developed to reflect the experiences of marginalized users and the under-resourced contexts in which many are more likely to reside. These theories also need to explicitly address the meso-and macro-level factors from which disparities emerge (see section 2.1).
A promising area of interdisciplinary research for theory development is just-in-time adaptive systems [56, 57] . In this approach, depending on one's dynamic behavior and context, the sociobehavioral model is updated along with the sociotechnical systems' interactions with the world, thus creating a dynamic system (green, dashed arrows in Figure 3 ) that can adapt and provide relevant information to the user and research teams. In adaptive systems researchers must address many challenges: 
Tailoring and Optimization of Sociotechnical Systems
Health ◗ How do we collect all of the data needed for tailoring without unduly burdening participants or violating their privacy -especially in marginalized groups that have previously been exploited for research gain?
◗ How do we make sense of all of the data streams to ensure they are providing an accurate picture of users' contexts, lives, and cultures? For instance, one may portray themselves differently in everyday life versus what they share via social media. How do we prioritize data streams in cases in which a marginalized person (e.g., a transgender or gender non-binary person) may need to protect their identities for safety?
◗ How do we develop adaptive interventions that can dynamically adapt to life changes while creating a consistent interaction with the system for participants' comfort?
◗ How do we design adaptive visualizations that people can understand -especially with varying literacy, numeracy, and language proficiencies -and act on them?
◗ How do we evaluate socio-technical systems when they are so tailored that each participant has an individualized experience? How do we replicate studies when experiences are individualized?
A further caveat for intervention targeting and tailoring is that the research community must have checks and balances in place to ensure the adaptive algorithms are providing meaningful information without unintended consequences such as discriminatory practices [7, 59] .
Multidimensional Evaluation to Reduce Health Disparities at the Population Level
The multidisciplinary workshop provided participants with ample time to share experiences designing, implementing, and evaluating studies at various levels of granularityfrom individuals to families to communities and, finally, to the population level. Workshop participants discussed the need to measure multiple dimensions -contextual, structural, and social determinants of health (e.g., Figure   1 , page 5) -to better evaluate changes with respect to health disparities.
Improving Measurement and Methods for Multidimensional Evaluation
For each project, researchers and intervention designers must decide upon the "right" set of factors to measure -balancing trade-offs in practicality, comprehensiveness, strategic value, and risk.
Researchers may select measures to produce novel findings that are informative (e.g., describe what is happening or why) and/or actionable (e.g., lead to design or adoption of new interventions). Researchers may also adapt measures from a well-understood intervention to ensure that it works as they scale it up or roll it out to practice. A caveat is that researchers should not limit themselves to what can easily be measured. Indeed, "real world" success may be especially difficult to assess.
Measurement
With regard to what to measure, it is important to measure health equity-relevant outcomes, which may assess different types of equity (e.g., healthcare access, financial access, health behaviors, health literacy, healthcare quality, health-related outcomes). It is also important to know how well a specific intervention actually implemented a theory, and to know what parts of an intervention generate treatment effects.
To this end, researchers must evaluate the quality of prototype systems, intervention usage, and theoretical mechanisms of action (mediators) at different stages of the posited causal pathways, as well as the outcomes that the intervention is intended to influence.
To show a change, these measures must be assessed 
Methods
Like technological interventions, upstream and multilevel interventions may also fail to fit well into the existing Randomized Controlled Trial (RCT) paradigm.
Implementation may be "nonlinear, iterative, and adaptive" [60] , leading to differences in interventions over time or across sites. Evaluations may be complicated because of a need to collect data about effects at different levels (e.g., both community norm change and individual behavior). Furthermore, it is not always clear what the "active ingredients" of interventions are, and how those ingredients interact -key requirements for understanding generalizability and translation. Workshop participants identified a need for using more varied existing study designs to find the intervention components that do or don't work. Relatedly, there is a need to further apply and develop new adaptive trial methods such as multiphase optimization strategy (MOST) and sequential multiple assignment randomized trial (SMART) [61] .
Optimization and tailoring criteria specifically related to marginalized groups and the social factors that drive disparities would increase the applicability of these evolving methods to disparity research.
Participants also noted that follow-up, including long after an intervention, is a critical missing piece in prior research. Such longitudinal follow-up may prove more difficult to conduct in low-SES groups due to less home ownership and, potentially, more contingent and precarious employment. Accordingly, there is a need for further study of methods for retaining these groups in research (see Section 2.2).
Participants also highlighted the need for greater Therefore, participants advocated additional research on how to best facilitate re-use [49, 50] . In a health disparity context, it may be necessary to facilitate re-use for older technologies that are more widely used in low-SES groups, such as interactive voice response, SMS, and 2-G telephones [51] .
In addition to collecting data for analysis, data can be used to design predictive models that provide opportunities to intervene to amplify the treatment effect (outcome), or mitigate intervention risks. However, these models are only useful if we can characterize highly complex behavior systems through interactions between sub-systems and dynamics over time. Workshop participants challenged the scientific community to consider:
◗ How can we better measure intervention effects across micro, meso, and macro levels? How can we effectively account for interactions between different levels of outcomes?
◗ How can criteria specifically related to marginalized groups and the social factors that drive disparities be incorporated into sociotechnical interventions as optimization and/or tailoring criteria?
◗ How can we best facilitate re-use of measures, data and technical frameworks specifically for marginalized populations?
◗ How can we characterize complex systems in predictive models regarding disparities?
Assessing Equity Impacts and Unintended Consequences
Since marginalized groups are not often included in research (see Section 2.1), technology models may make assumptions that are not valid for them. Consequently, marginalized groups may miss potential benefits of an intervention -potentially worsening disparities.
Workshop attendees argued for a research process which continuously questions who may be left out in the design, implementation, and evaluation of socio-technical interventions to monitor the potential unintended consequences.
To begin, there is a need for any intervention to specifically measure intervention outcomes. Furthermore, there is a need for expanded effort to assess the equity impacts of both existing and emerging "universal" informatics interventions that are intended for all, rather than just a disparity population. Funders also have a role to play. Funders should support mechanisms to adjust interventions as they are implemented, allowing for a more iterative approach to research. In addition, there is a need for funding research on, and reporting about, equity-related unintended consequences as part of grant progress reports. 
Ethics of Conducting Sociotechnical Research with Marginalized Groups
Responsibility
Workshop participants emphasized the view that 
Return of Results
A significant ethical issue discussed by participants concerned the return of research results to participants, which can viewed as a way to enact respect for participants [63] . This issue covers both the return of individual study results [63] into their models [72, 73] . The ethical implications of gathering this growing amount of data are unclear, and they may represent greater risks for marginalized individuals.
Risk-Benefit Ratio
Informed Consent
With an increasing amount of data collected about people 
Interdisciplinary Bridges
Many diverse populations are affected by health disparities; thus different, adaptable sociotechnical intervention approaches are necessary to help address the needs of individuals, communities, and populations.
Currently, researchers are largely developing separate approaches from scratch and in relative isolation or small interdisciplinary teams, which makes it difficult to create scalable progress and larger real-world impacts.
Without interventions that can scale up, our solutions are of reduced effectiveness, limited only to those who can afford them or happen to be in the right geographic area.
We recommend the development of a consortium or national centers to address health disparities with sociotechnical systems that creates a collaborative network of researchers, industry, providers, payers, and communities to aid in scaling sociotechnical interventions -similar to the NIH funded Center of Excellence for Mobile
Sensor Data-to-Knowledge (MD2K). 4 This consortium would act collectively to "raise all boats" by creating reusable components, sharing algorithms and data, developing approaches for transferability and robust partnerships, and developing the science of recruitment and retention of underserved populations in pilot and longitudinal studies.
The consortium or coordinated national centers could have annual "themes" to drive collective action (e.g. "measuring stress") and teams could contribute measurement tools and data with respect to study design, recruitment, retention, sociobehavioral models, and dosing related to specific populations. The consortium/national centers could put researchers into cohorts who are working with similar populations, dosing, or theoretical constructs to build on each others' successes and failures and improve translation of the research from pilot to community impact. At the end of each year, the consortium/national centers would converge on a standard metric or tool that could then be broadly adopted.
The consortium would also emphasize team science and promote the next generation of interdisciplinary researchers in these areas by building a pipeline of underrepresented scholars and highly represented allies from undergraduate to early career researchers.
The consortium would need resources devoted to both research and sustaining community engagement by involving stakeholders throughout research. They would also incentivize data sharing and community engagement.
The Future of Sociotechnical Systems to Address Health Disparities
Studies funded by the National Institutes of Health have been formally investigating how to address health disparities for almost three decades [76] . However, health disparities persist -suggesting the need for fresh approaches. To that end, in this workshop report, we highlight computing, health informatics, behavioral medicine, and health disparities research challenges that cut across disciplines and federal funding agencies. We also stress the many opportunities that emerge from these challenges. They are summarized in the table below. 4 https://md2k.org/
Challenge Opportunity
Marginalized groups are understudied because of difficulty with recruitment, retention, or trust issues.
Ensure researchers have resources to build and maintain community-based research collaborations.
Develop and evaluate methods of recruitment, technology uptake, and study retention for studies that work with marginalized communities.
Current sociotechnical interventions focus on "downstream" interventions where a participant manages a set of issues specific to themselves. Downstream interventions do not address the social origins of health disparities.
Support is needed to develop upstream and multi-level interventions to reduce health disparities by impacting community, social, economic, and political factors.
When we create sociotechnical interventions that have an impact on outcomes, it is not clear what part of the sociotechnical intervention initiated and maintained that change.
Encourage funding agencies to continue supporting broader impacts in research to ensure researcher are addressing issues that are important to communities.
Emphasize the need for pilot studies and iterative design to ensure initial conditions are correct.
Evaluate the "dose" of sociotechnical systems to better understand the frequency of use, as well as the dosing contexts and infrastructure support available.
Current behavioral theories and models often do not account for sociotechnical systems and are not representative of marginalized populations.
Document instruments, data streams, and mappings between sociotechnical systems and theories used.
Develop dynamic new theories that can account for future sociotechnical systems and capture the social contexts of marginalized populations.
Researchers must measure multiple dimensions of social determinants of health to evaluate impact at the population level, but there is a lack of dynamic theories, study designs, or metrics to capture the changing technological and contextual landscape of marginalized populations.
Create and document equity-relevant metrics that can capture appropriate levels of detail to contextualize user groups and interventions.
Develop, evaluate, share, and validate study designs and theories for interventions.
By designing to improve health disparities, researchers may introduce unintended consequences (e.g., everyone benefits and thus the disparities stay the same or worsen).
Establish research processes that check on what groups, data, or resources are unaccounted for and monitor unintended consequences.
Ensure data collection about unintended consequences.
Engender a research culture in which learning, sharing, and disclosing failures are encouraged.
Based on past treatment in research, some marginalized groups may have less trust in research. These trust issues are exacerbated when it is unclear how study participation or data access -especially in commodity products -is scoped.
Produce systems that assist researchers in identifying ethical issues and proactively assess risks with benefits.
Researchers in multiple disciplines are encountering similar issues in their research endeavors to address health disparities, but continue working in their disciplinary silossometimes reinventing each others' approaches or solving the same problems.
Develop a consortium or national centers to address health disparities that bring researchers from multiple disciplines together with partners to address the research to practice gap.
We also encourage the scientific enterprise to better align incentives (e.g., funding, resources, tenure, publication) with helping people -especially those who are marginalized. Although there are alternative funding models that could be promising to encourage people to address health disparities (e.g., funding people and not projects [77] ), we also acknowledge that with the dearth of underrepresented groups in research -especially computing -these models may not adequately support innovation in sociotechnical interventions for health disparity reduction. Workshop participants recognized a broader need to align the scientific enterprise with helping people. Specific to academic research, an easier mechanism for aligning incentives is to add a fourth "impact" pillar for hiring, promotion, tenure, and merit reviews that goes beyond the traditional pillars of research, teaching, and service [78] .
